INTRODUCTION
A taxonomically heterogeneous cocci group associated with the gastrointestinal tract of humans and animals is traditionally named 'faecal streptococci'. Recently, this group of bacteria has been the subject of a taxonomical revision, essentially on the basis of cultural, biochemical, serological and mainly genetic characteristics (Facklam and Collins 1989; Devriese et al. 1993; Hardie and Whiley 1994; Devriese et al. 1996b; Leclerc et al. 1996) . One effect of these studies has been the transfer of some species from the genus Streptococcus to a separate new genus Enterococcus and the introduction of many new species in the genus Enterococcus. Only a few species (Ent. faecalis, Ent. faecium, Ent. durans/hirae, Ent. cecorum, Strep. bovis, Strep. equinus, etc.) are true faecal species. For some species (Ent. raffinosus, Ent. dispar, Ent. flavescens, etc.) , a faecal origin has yet to be established. Others (Ent. casseliflavus, Ent. gallinarum, Ent. mundtii, Ent. sul-phureus) seem to be environmental bacteria (Devriese et al. 1996b; Leclerc et al. 1996) . The genus Streptococcus include many species of oral origin (Strep. mutans, Strep. oralis, Strep. mitis/sanguis) , which are able to enter the digestive tract and inhabit faeces in low number, but they are not adapted to persist in the intestine of the human host. For this reason they are not considered intestinal bacteria.
Consequently, more attention should be paid to the identification of truly intestinal species of human and warmblooded animal origin and to their role as indicators of faecal pollution and for the assessment of the hygienic quality of both drinking and recreational waters.
It is known (Facklam and Collins 1989; Devriese et al. 1993; Figueras et al. 1996; Leclerc et al. 1996 ) that many bacterial species, such as Aerococcus, Pediococcus and Leuconostoc, also grow on conventional media used to assess the presence of faecal streptococci (APHA 1992; WHO 1982; USEPA 1986) . In recent years, it has been suggested that data from Ethyl Violet Azide Broth (EVA) are combined with that of the aesculin hydrolysis test to improve the accuracy with which faecal species are detected. However, we know that the genera Pediococcus, Lactococcus, Aerococcus and Leuconostoc may also occasionally exhibit positive reactions to these tests, leading to unfavourable judgements about the quality of the source material and unnecessary restrictive consequences (Devriese et al. 1993; Leclerc et al. 1996) .
In this study, carried out to assess the hygienic quality of environmental samples in compliance to National Health Services, we identified the species of bacteria grown in EVA, a test conventionally used to confirm the presence of faecal streptococci, with the aim of verifying the correspondence between a positive EVA test and presence of faecal species in environmental samples chosen for the risk they represent in public health. Because of the role that municipal sewer water, hospital and farmland waste-water have on the diffusion of antibiotic-resistant strains in the environment, all the environmental strains were also screened for susceptibility to antimicrobial agents that are commonly used in medical therapy and the pattern was compared with the pattern obtained from clinical isolates.
MATERIALS AND METHODS

Environmental samples
Samples from domestic refuse composting, public swimming pool water, marine brackish water of a city channel system used for nautical and recreational activities, effluent from a municipal sewage treatment plant, and sediments from harbour dredging activity were collected, transported to the laboratory and analysed within 24 h.
Isolation and identification of bacteria
The detection and enumeration of faecal streptococci isolated from environmental samples (198 isolates) was carried out by conventional enrichment in liquid medium using the Most Probable Number (MPN) method (WHO 1982; USEPA 1986; APHA 1992) : a presumptive test in Azide Dextrose Broth (AD), followed by confirmation tests in EVA and Bile Aesculin Agar (BEA). Colonies showing aesculin hydrolysis were analysed for catalase activity. At least two catalasenegative colonies from each plate were characterized by cultural and biochemical tests: Gram-staining reaction, growth in 6·5% NaCl broth, at 45°C for 48 h and at 60°C for 30 min, haemolysis on 5% blood agar, acid production from dextrose, mannitol, trehalose, arabinose, lactose, sorbitol, galactose, sucrose, melezitose; arginine decarboxylation; reduction of tellurite, pyrrolidonylarylamidase, phosphatase, susceptibility to optochin b-D-glucuronidase, b-D-glucoside a-D-galactoside; resistance to bacitracin, novobiocin, aztreonam. Some tests were carried out by an automatic system (SCEPTOR ® System). 
Clinical isolates
Two hundred and forty-three enterococci were isolated from urine samples collected at the Clinical Microbiology Department of a General Hospital over a period of 4 months and characterized by tests carried out by an automatic system (SCEPTOR ® System).
Antimicrobial susceptibility testing
All strains were examined for susceptiblity to six antimicrobial agents (ampicillin, penicillin, piperacillin, teicoplanin, tetracycline and vancomycin) of widespread use in clinical therapy at the General Hospital. Antibiotic resistance was determined in mg/ml by a microdiluition test in liquid medium, by using serial doubled dilutions (MIC Breakpoint, Becton Dickinson Microbiology Systems, Cockeysville, 21030 Maryland, USA). The isolates were exposed to decreasing concentrations of each antibiotic and incubated for 16-20 h at 35-37°C. An isolate was considered to be resistant to a given concentration of antibiotic if growth occurred in the microwell. The smallest dose of antibiotic that did not show growth is the minimal inhibiting concentration (MIC) for that antibiotic.
RESULTS
Environmental isolates
A total of 198 isolates from environmental isolates were identified as faecal streptococci, as confirmed by conventional laboratory tests. About 92% of the isolates from EVA broth positive tubes gave a positive reaction on bile-aesculin-agar. One aesculin-positive strain, isolated in brackish water of the city channels, was identified as Streptococcus mitis/sanguis. The other strains were typed as Enterococcus. Eighty-four per cent of the isolates were confirmed as true faecal species. The vast majority of enterococcal strains were identified as Ent. faecalis (39·6%) and Ent. faecium (28·9%). Others species were Ent. durans/hirae (15·7%), Ent. casseliflavus/gallinarum (13·7%), Ent. raffinosus (2%) ( Table 1) . Ent. faecalis was the species most uniformerly distributed in the samples, while Ent. faecium dominated in marine brackish water (82·5%).
The pattern of antimicrobial resistance of environmental strains is shown in Table 2 . Enterococci were resistant to penicillin (13·7%), tetracycline (13·7%) and piperacillin (4·5%). A high prevalence of susceptibility to teicoplanin (99%), vancomycin (99%) and ampicillin (97·5%) was assessed. 13·7% of the isolates showed an intermediate resistance to the inhibiting piperacillin concentrations used. Intermediately resistant isolates were classified as non-resistant. Ent. faecalis (24·4%), Ent. faecium (28·1%) and Ent. cas- ---------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------- seliflavus/gallinarum (37·0%) showed the most resistant strains. The resistance to tetracycline predominated in Ent. faecalis (21·8%) and Ent. casseliflavus/gallinarum (18·5%), while the resistance to penicillin was more frequent in Ent. faecium (22·8%) and Ent. casseliflavus/gallinarum (25·9%). Ent. durans/hirae showed the lowest prevalence of resistance (6·5%). Thirteen isolates (26·5% of resistant strains) were resistant to at least two antimicrobials. Associations were observed in Ent. faecalis (26·3% of resistant strains), Ent. faecium (25·0%), Ent. casseliflavus/gallinarum (20%). The two strains of the Ent. raffinosus showed associated resistance to penicillin and piperacillin. One Ent. faecalis strain was resistant to all the antibiotics tested.
Table 2 Antibiotic-resistance pattern of environmental enterococci -----------------------------------------------------------------------------------------------------------------
----------------------------------------------------------------------------------------------------------------
Clinical isolates
About half of the clinical isolates from urine samples were Ent. faecalis, 24·3% Ent. faecium, 13·2% Ent. durans/hirae, 11% Ent. casseliflavus/gallinarum and 1·6% Ent. raffinosus. The prevalence of resistance to penicillin was 14·4%, to piperacillin 19·3% and to tetracycline 23·6%. Clinical enterococci showed a low prevalence of resistant strains to ampicillin © 1999 The Society for Applied Microbiology, Letters in Applied Microbiology 29, 258-263 (5·3%), teicoplanin (2·9%) and vancomycin (2·5%) ( Table 3) . Ent. faecalis (76·9%), Ent. faecium (42·3%) and Ent. casseliflavus/gallinarum (37%) showed the most resistant strains.
The resistance to tetracycline predominated in Ent. faecalis (35·5%) and Ent. casseliflavus/gallinarum (22·2%), the resistance to penicillin was more frequent in Ent. faecium (25·4%) and Ent. casseliflavus/gallinarum (25·3%). The resistance to piperacillin predominated in Ent. casseliflavus/gallinarum (37·0%) and Ent. faecium (23·7%). 15·6% of Ent. durans strains was resistant to at least one antibiotic.
Associations were mainly common in Ent. faecium (76% of resistant strains) and Ent. faecalis (15·0%). Resistance to ampicillin, piperacillin and penicillin was associated in Ent. faecium and one strain was resistant to all the antimicrobials, except vancomycin. Only one isolate of Ent. casseliflavus/ gallinarum showed associated resistance to four antimicrobials.
DISCUSSION
This study was performed to verify the correspondence between the presence of faecal streptococci determined by ---------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------- conventional EVA broth test and the presence of true faecal species in the analysed samples. We found that 92% of the samples showed aesculin-hydrolysing isolates and that 84·4% of them were confirmed as faecal species by cultural and biochemical typing. Consequently, the introdution of bileaesculin agar was useful but not sufficient in reducing the incidence of false-positives.
Ent. faecalis and Ent. faecium were the most frequently isolated species and this is in agreement with their predominance in the intestine and faecies of human and animals (Leclerc et al. 1996) . Ent. raffinosus and Ent. casseliflavus/ gallinarum accounted for only 15·6% of our isolates. These are environmental species currently isolated from grass and soil and their value as fecal indicators needs more investigation (Leclerc et al. 1996) . Only one isolate was typed as Streptococcus and it was not of faecal origin. These results confirm that the use of the term 'faecal streptococci' may be inappropriate nowadays both taxonomically (streptococci vs. enterococci) and because of the habitat (faecal vs. non-faecal) of these organisms.
On the basis of our results, we demonstrate that the confirmation test of fecal streptococci on conventional media, such as EVA broth, may lead to erroneous conclusions and to misleading information concerning the source of contamination (Bahirathan et al. 1998) .
However, the official statutory assessment framework continues to recommend the use of such conventional methods for detecting faecal streptococci in Italy, as well as in other European countries. We suggest this view needs to be reviewed. Characterizing the contaminant species could help to identify the sources of non point-source fecal pollution in natural waters and may also be useful to better understand the ecology and the epidemiology of faecal enterococci and streptococci.
Moreover, during a monitoring activity of drinking water distribution systems and natural mineral water bottling processes, it could provide useful information and help the management to identify the faecal or the environmental source of pollution, and to perform specific strategies in order to implement preventive measures.
With regard to antimicrobial resistance, our results identify the local susceptibility profile of enterococci isolated from the environment and this allows comparisons with other geographical locations.
Taken as a whole, clinical isolates showed higher frequencies of antibiotic resistance than environmental isolates. Antimicrobial resistance occurred most often among the Ent. faecium, Ent. faecalis and Ent. casseliflavus/gallinarum isolates and involved penicillin, tetracycline and piperacillin. This feature was also found in environmental enterococci. In this respect, it is interesting to note the pattern of resistance to piperacillin of environmental isolates. We think that the high number of strains with an intermediate resistance to this antibiotic may indicate an emerging trend of resistance spread. This seems to be confirmed by the high frequency of resistance to piperacillin observed in strains from clinical specimens. The highest level of susceptibility was found to vancomycin and teicoplanin in both environmental and clinical isolates. This finding suggests that the incidence of vancomycin resistant enterococci (VRE) may be estimated as still very low at this time in our region. This doesn't confirm, for our region, an increased resistance of enterococci to this antibiotic reported by others (Pagani et al. 1993; Edmond et al. 1995; Norris et al. 1995; Devriese et al. 1996b; Lauková and Juriš 1997) , and that may reflect its overuse in hospitals and farms (Wuethrich 1994; Anonymous 1998) . This data points to geographical differences that may exist in the spread of VRE (Saenz and Valero 1994; Wiggins 1996; Taylor et al. 1997) , and that, in our region, VRE strains may be part of the normal faecal flora of man (Bates et al. 1994; Torres et al. 1994) . Therefore, the use of traditional drugs, such as teicoplanin and vancomycin, may be still justifiable.
It is known that the overuse of an antibiotic in hospitals represents a selective advantage for resistant bacteria (Murray 1995) . The emerging vancomycin resistance underlined in some areas, particularly in the USA (Jones et al. 1997) , may be due to the clonal dissemination of a single resistant strain selected by antimicrobial therapy in humans (Perlada et al. 1997) , or to selective pressures for VRE due to the use of the glycopeptide avoparcin as a food additive to promote animal growth. The detection of Ent. raffinosus was infrequent and the four resistant strains (both environmental and clinical) showed associated resistance to penicillin and piperacillin. Ent. durans showed the lowest frequency of resistance, even though it occurred at a higher frequency in clinical rather than environmental strains. Cases of high-level antimicrobial resistance of this species, mainly to gentamicin and streptomycin, have been reported (Tripodi et al. 1998; Tsakris et al. 1998) . The incidence of resistance to other antibiotics, particularly vancomycin, seems still relatively low (Cercenado et al. 1995; Perlada et al. 1997; Taylor et al. 1997) , but attention should be focused on the emergence of vanA resistance among Ent. durans isolates from farm and pet animals (Devriese et al. 1996a) .
Finally, we conclude that pan-resistance is still rare in these species in our region and it may be an occasional event.
The hypothesis that multi-resistance may enter the community via the environment or the food chain, in particular vancomycin resistance (Wuethrich 1994; Anonymous 1998; Hunt 1998) , is not confirmed in this study. However, we think more samples, both from hospitalized patients and also from the community, will be needed to determine the extent of this variability, as the patterns of antibiotic resistance may be different depending on geographical areas or may vary over time.
